Background: Diabetes affects approximately 250 million people in the world. Cardiovascular autonomic neuropathy is a common complication of diabetes that leads to severe postural hypotension, exercise intolerance, and increased incidence of silent myocardial infarction.
Introduction
Cardiovascular diseases and type 2 diabetes mellitus (DM) are the main causes of death in the American continent and common causes of disability, premature death, and excessive expenses 1 .
Cardiovascular autonomic neuropathy (CAN) is a common type of autonomic dysfunction in patients with DM and is associated with abnormalities in the control of the heart rate (HR), with loss of its variability, decreased baroreceptor sensitivity (BRS), and late changes in vascular dynamics 2, 3 . CAN is detected in about 7% of both types 1 and 2 DM at the time of the diagnosis. The annual increase in prevalence of CAN has been reported to be around 6% in type 2 DM [4] [5] [6] [7] .
The prevalence of confirmed CAN (defined as an abnormality in at least two cardiovascular HR results) in clinical studies in unselected populations, including patients with type 1 or 2 DM, varies from 16.6 to 20% 5, 8 . This prevalence may increase to 65% with increasing age and DM duration 5, 6 . CAN has been linked to tachycardia at rest, orthostatic hypotension, exercise intolerance, increased incidence of asymptomatic ischemia, myocardial infarction, and decreased rate of survival after myocardial infarction 3 .
In healthy individuals, HR has a high inter-beat interval (IBI) variability rate which fluctuates with breathing, increasing during inspiration and decreasing during expiration 9 . The HR variability (HRV) based on IBI variations in short-term or long-term recordings may be represented, according to the type of mathematical processing, by the HRV analysis in the time domain and frequency domain (spectral analysis) 9, 10 .
In short-term recordings, different spectral components may be identified depending on their frequencies in Hz. High-frequency (HF) components are considered an area of vagal influence, whereas low-frequency (LF) components are under sympathetic and some vagal influence, although baroreceptor influences have also been postulated 9 .
Standardized protocols of autonomic load (breathing, ortho-clinostatic test, head-up tilt test) for examination of the . The objective of this study was to determine beat-to-beat HR and blood pressure (BP) variabilities in patients with type 2 DM with less than two years of diagnosis and compare the results with variabilities in these parameters in healthy subjects.
Methods
A descriptive, transversal, prolective, comparative, and non-randomized study was developed with individuals of both genders, including 30 diabetic subjects with less than two years from the diagnosis and 30 healthy subjects between 30 and 60 years.
The subjects with DM were identified from a monitoring protocol of a cohort of patients with insulin resistance. During follow-up of these patients, a 75-gram oral glucose tolerance test was performed periodically, and when the results confirmed the diagnosis of DM, the patient was invited to participate in the study. Urinalysis ruled out proteinuria and kidney damage, whereas nerve conduction velocities were performed to rule out somatic peripheral neuropathy. These studies were performed to assess damage to these organs by long-standing hyperglycemia. Finally, the patients were required to have a normal funduscopic exam performed by a certified neurologist to rule out diabetic retinopathy at the time of the study. These variables were determined as control parameters to ensure that the duration of the DM was not too long.
Atherosclerotic peripheral vascular disease was absent in all patients, based on a carotid intima-media thickness below 0.685 mm (0.659-0.691 mm). This is the range established by the CARMELA study (2011) for the maximum age of the patients included in our study (60 years) 11 .
The project was approved by the Ethics and Research Committee of the institution and was in compliance with the Declaration of Helsinki. Before testing, each participant signed an informed consent form.
Prior to the study, the cases had capillary blood glucose levels between 60 mg/dL and 200 mg/dL. We requested the subjects in both groups to be free from any stimulant substances 24 hours prior to the study and to have at least 8 hours of sleep the night before. We excluded patients with underlying diseases with an autonomic component or of any other nature which could interfere with the test results.
Measurement of the two variables of interest -BP and IBI -was carried out with Finometer® (Finapres®, the Netherlands), during three maneuvers (registered for five minutes each one):
1. Supine position.
2. Standing after one minute of stabilization.
3. Rhythmic breathing of 6 cycles per minute paced electronically.
The data obtained from the time series of IBI in milliseconds (ms) and systolic BP (SBP) in mmHg (for each heart beat) in these three conditions were analyzed with time diagram, histogram, autoregressive analysis, and fast Fourier transform.
The time series were manually cleaned from artifacts or premature beats. A statistical analysis was performed in the time and frequency domains using the SPSS software. Mean, standard deviation (SD), standard error and coefficient of variation for the time domain were obtained. Using Beatscope (Finometer's own program to extract the time series of IBI in ms and BP in mmHg), the time series were transferred to Excel for statistical evaluation. For the spectral analysis, we used SPSS, MatLab, Kubios, and Nevrokard. The level of statistical significance was set at p ≤ 0.05.
Results
There were no significant differences between the two groups in the variables age, gender, SBP, and fasting glucose (Table 1) . Body mass index (BMI) was slightly higher in the diabetic group compared with the control group.
None of the patients presented abnormal sensory or motor peripheral nerve conduction velocities, F responses or H reflexes. Sympathetic skin responses were present with normal amplitudes and latencies. In the first maneuver, the patient was placed in the supine position for five minutes after one minute of stabilization. In healthy subjects, HR and BP had relatively low variability, without sudden changes in frequencies ( Figure 1A ). This was due to the fact that the variability observed in this position was solely attributed to breathing. Patients with early DM ( Figure 1B) showed a slightly lower HR variability compared with the control subjects. The BP related to body changes while in the supine position was also slightly decreased.
In the second maneuver, the subjects were asked to stand up after a 5-minute supine rest. Immediately after standing up, the BP decreased and the HR increased as a consequence of baroreceptor action. These variables returned to their baseline levels within approximately 30 seconds, reaching their highest point at 15 seconds. This has been documented as the 15/30 index or Ewing score, a normal physiological phenomenon.
Rhythmic breathing started with the aid of a visual metronome with 5-second inspirations and 5-second exhalations during a recording time of 5 minutes. This condition resulted in graphs with more regularity and wider variations in BP and HR, showing an integrity of the baroreflex in both cases. However, there was again a lower variability in diabetic compared with healthy subjects.
When we conducted the numerical analysis, we obtained punctual values that allowed the comparison of the variables established for our objectives.
The HR values in the supine position are summarized in Table 2 .
Although no differences in the mean HR in beats per minute were found between the two groups, there were significant differences in the SD of these means, the SD of the NN intervals (SDNN), the root mean square of successive differences (RMSSD), and the NN50 percentage (pNN50). In all cases, the values were higher in healthy subjects compared with diabetics , reflecting a higher variability in the control group. When the total power (TP) and its components LF and HF were analyzed, values were significantly higher in healthy subjects, with a predominance of LFs. After normalizing these data, we found no difference between the groups. Table 3 summarizes the data obtained for HR in the standing position. The stimulus from the position modification generated changes in the HR, with differences observed only in SD, SDNN, RMSSD, and p-NN50 with higher values for control subjects. In TP, we observed that the proportions cited in the previous Table were maintained. However, on a global level, slightly higher values were observed, with a prevalence of LF both in absolute values as in normalized units (nu). Table 4 shows the results obtained for HR during rhythmic breathing of 6 cycles per minute. This condition repeated the same findings observed in the supine and standing positions, confirming decreases in SD, SDNN, RMSSD, and pNN50 values as a result of a lower short-term variability in diabetics.
In the spectral analysis, a significantly higher TP was found in healthy compared with diabetic subjects. It should be noted that the LFs were higher both in punctual values in ms 2 , as well as in nu, when compared with the values obtained in the standing and supine positions. The spectral analysis regarding predominance of LF or HF suggests either a sympathetic or parasympathetic predominance.
In the supine position, we found no differences in the SBP parameters (Table 5 ).
When the standing maneuver was performed (Table 6) , SBP readings showed a higher mean SBP and a higher maximum/minimum pressure ratio in diabetic patients when compared with healthy subjects. No differences in the SD of the SBP were observed between groups. In spite of these findings, TP was higher in controls than in diabetic subjects, with a predominance of LF.
Results of the analysis of SBP with rhythmic breathing are summarized in Table 7 . Persistent predominance of higher pressures in diabetic patients is be noticed, along with maximum and minimum SBP values. However, in contrast to the previous Table, no statistical significance was found for TP and its components LF and HF. The BRS expresses the sensitivity in the response of the IBI to increasing or decreasing SBP. A significant difference was observed in BRS in the standing position, which was lower in the diabetic group compared with that obtained in the control group.
Discussion
During an initial subclinical stage, CAN is detected through abnormalities in the domains of frequency and time of the HRV spectral analysis and in BRS tests. These abnormalities can even be present at the time of the diagnosis of DM 12 . As CAN progresses, parasympathetic denervation is followed by compensatory sympathetic overdrive, resulting in abnormal cardiac autonomic reflex tests followed by symptomatic CAN. At a stage in which sympathetic denervation of the blood vessels is occurring, autonomic dysfunction correlates clinically with postural hypotension 12 . The time scale for the progression is unclear, but it is estimated that many patients with subclinical CAN will develop features of cardiac involvement within 5 years of developing abnormal parameters in the frequency and time domains 13 .
Ziegler et al.
14 showed in a meta-analysis an increased mortality among diabetic patients with autonomic neuropathy compared with those without this neuropathy. The risk rate for silent myocardial ischemia in the group with autonomic neuropathy was 1.96 (1.53-2.51; p<0.001). When they analyzed the mortality rate in 2900 subjects, the relative risk of death in patients with DM and autonomic neuropathy was 2.14 (1.83-2.51; p<0.0001) 14 . These data have great importance and suggest that autonomic testing should be an integral part of the approach in all diabetics.
Although these studies have included diabetic patients, most have been conducted in patients with at least 5 years of disease or with chronic diseases, such as peripheral neuropathy, nephropathy, and retinopathy 15 . It has been suggested that the earliest indicator of diabetic autonomic neuropathy is CAN 16 . Although HRV has been commonly assessed as part of the evaluation of cardiac autonomic neuropathy, the variability in BP has been much less studied 17 . There are only a few studies conducted to analyze specifically the short-term (beat-to-beat variability) HRV values in the time domain, or including spectral analysis to assess the sympathetic or parasympathetic influence in the frequency domain.
Exploratory studies at different stages of the disease are important for the understanding of its natural course. In this study, age, gender, basal BP, and fasting glucose were statistically similar in both groups, although there was a slight difference in BMI, which was higher in the diabetic group. This is explained by a higher prevalence of overweight in type 2 diabetic patients (Table 1) .
Heart rate analysis
With the patient in a supine position, there is no stimulus to determine a dominance of the sympathetic over the parasympathetic system. There is no gravity influence and activation of baroreceptors is only determined by changes in BP mediated by respiratory movements. In this first maneuver, a statistically significant difference was found in the SD of the HR of diabetics compared with control subjects. This indicates that the variability in patients with DM is lower than that registered in healthy subjects. This is confirmed in the short-term IBI (in ms) analysis with calculation of the SD of this record (SDNN), root mean square of successive differences (RMSDD), number of times that this consecutive interval from one heart beat to another exceeds 50 milliseconds (NN50), and percentage of these events with regard to the complete series of registered heart beats (pNN50). There is also a greater TP in this maneuver, dominated by LF over HF. By normalizing these units, the bias produced by very low frequencies (VLF) is eliminated. No practical value has been defined for VLF 18 . No statistical significance was also found between nu values.
In the standing position, a physical challenge is imposed by gravity which produces a momentary sudden fall in BP that never exceeds 40 mmHg and a compensatory tachycardia lasting approximately 15 seconds. This maneuver activates sympathetic pathways, so when there is damage to either autonomic branch, an imbalance is detected in the described measurements. It has been established in diabetic patients that parasympathetic fibers to the heart are the first to suffer some damage, so it is possible to find early tachycardia in diabetic patients compared with healthy subjects 19 .
We found no differences in mean frequencies between diabetics and healthy subjects. However, in all other short-term variables such as SDNN, RMSSD, and pNN50, we found lower values in the diabetic compared with the control group, indicating a lower HRV. In this maneuver, and for both cases, there was a predominance of a sympathetic over a parasympathetic effect, which may be explained by the fact that in early CAN stages there is still no important sympathetic damage to cause sympathovagal imbalance. This probably indicates that short-term analysis factors (SDNN, RMSSD, and pNN50) might be very useful for initial screening of CAN in these patients, even if the regulatory or sympathovagal balance is intact. This suggests that the loss of variability in patients with DM may be the earliest manifestation of CAN.
During rhythmic breathing (at 0.1Hz), there was a predominance of LF (0.1-0.15Hz), implying a sympathetic challenge. The differences in the parameters were the same as those observed with the previous maneuver. However, here we noticed an important dominance of LF over HF, which indicates that the stimulus of rhythmic breathing conferred this sympathetic property. There was no difference between groups in nu.
Hence, we found a lower HRV in patients with early DM when compared with healthy subjects, mainly due to parasympathetic damage to the heart, although early sympathetic damage also occurs, but to a lesser extent (Tables 2-4) .
Systolic blood pressure analysis
BP is mainly determined by cardiac output times peripheral resistance. The sympathetic innervation of the heart controls the HR, ventricular contractility, and stroke volume. Although the cardiovagal innervation does not influence contractility and stroke volume, it has a powerful influence on the HR either by inducing bradycardia or transient tachycardia with the withdrawal of its activity. Blood vessels have a vasomotion at approximately 0.1Hz (each 10 seconds) mediated solely by the sympathetic innervation. The HF variability of the BP is probably transmitted only by the heart, whereas the LF variability is related to the LF variability of the heart and the LF variability due to vasomotion induced by the sympathetic nervous system. Therefore, in the spectral analysis of the BP, there is a sympathetic or LF predominance. This influence is seen in patients with atrial fibrillation in whom HRV (either HF or LF) is absent, but a variability in LF is maintained by the BP 20 .
Baseline pressure in our experimental and control groups was within the normal range and did not differ significantly between each other.
In the supine position, we obtained values with the Finapres® for mean SBP, SD, maximum and minimum pressures, TP, and LF and HF that were not significantly different. It is important to highlight that there were no differences between groups in the baseline analyses, which makes them comparable in regards to the challenges imposed by the sympathetic stimulation (standing position and rhythmic breathing). It should be mentioned that the BP was slightly higher in the diabetic group than in the control group, due to a dominance of the sympathetic control (LF).
During the standing maneuver, SBP was higher in diabetic patients, both in mean, as well as in maximum and minimum numbers. However, the dominance still respected the sympathetic factor of LFs, and this response was even greater in the control group. This might indicate that the vascular response is preserved in the control group, which has better mechanisms of BP regulation, whereas in diabetic patients, sympathetic hyperactivity to the vasculature is not completely balanced by the baroreceptor reflex.
In the rhythmic breathing maneuver, we observed a sustained oscillation of inspiration and expiration in which a sympathetic stimulus dominated over a parasympathetic one, not excluding the control of the latter by mechanisms of BRS. In this maneuver, the only statistical significance was found in the mean SBP in diabetics compared with controls, derived predominantly from the fact that the DM group had higher maximum pressures than the control group. In the frequency domain, TPs and its components LF and HF did not differ significantly between groups. This occurs when there is maintained sympathetic and parasympathetic integrity and is considered a normal response.
In the supine position, the only difference was the lower LF values in diabetics compared with controls, whereas LF/HF rates were similar. This lower response is due to the absence of a gravitational stimulus.
This pattern remained in the standing position, showing no difference between pressure and variability by SD. A significant difference was obtained in TP established by a dominance of LFs in which the control group showed higher values because of better responses. However, this normal response to sympathetic dominance stimulation persists and does not affect the values measured in mmHg.
In rhythmic breathing, the stimulus of the sympathetic effect dominated over the parasympathetic one, but in a similar proportion as in the two previous maneuvers; once again, this did not modify the mean BP, nor its SD. The above shows that the sympathovagal control is intact in both groups, with broader responses in the frequency domain in the control compared with the diabetic group.
Baroreflex sensitivity analysis
As previously described, the analysis of the BRS derives from a quotient between the IBI (expressed in ms) and the SBP (in mmHg). This reflects a cardiac response to changes in registered pressure and involves both sympathetic control for positive chronotropic effects in face of a BP decrease, as well as parasympathetic control for negative chronotropic effects in face of a BP increase and requirement for IBI prolongation. It is, therefore, important to point out the response to these two major maneuvers, supine position and standing position.
Our results demonstrate that there was no difference in baseline measurements in the supine position, but there was a difference in the standing maneuver, in which control individuals showed a greater sensitivity when compared with diabetic patients. This is because the SBPs were higher in diabetics, and since this variable is calculated as a quotient, it tends to a smaller number. These findings could suggest a slightly lower parasympathetic response in diabetics compared with controls.
Conclusions
There is a decreased HRV in the supine and standing positions and during rhythmic breathing in diabetics subjects with less than 2 years of diagnosis compared with control subjects, determined by the SD and by the analysis of short-term variabilities [HR (SD), SDNN, pNN50 (%)], probably associated with a parasympathetic failure.
With nu, HR spectral values were similar in both groups.
In standard values (no nu), the results were significant. It is possible that this loss of variability occurs with a relatively normal sympathetic balance, which suggests that short-term variables may be useful for the assessment of the variability in conditions of good autonomic balance. Therefore, it is suggested that these variables may be the first to become abnormal in the DM spectrum.
There was no significant difference in SBP in diabetic patients with recent diagnosis in the analysis of the time and frequency domains. However, SBP in the standing position tended to be higher in diabetics compared with controls, despite not reaching pathological values.
During orthostatism, BRS was slightly decreased in diabetic subjects with recent diagnosis compared with controls. This contrasts with the results in the supine position, in which there was no difference, probably due to the absence of gravitational stress.
Limitations of the study
The analysis shows that the HRV is decreased in patients with recent-onset DM. This finding is relevant because only a few studies on HRV have been performed in patients with recent-onset DM, showing that cardiac autonomic neuropathy appears early in the disease. The control of BP is more complex because it involves vagal and sympathetic activity to the heart and sympathetic activity to resistant vessels. The sympathetic damage to blood vessels is probably preserved in the early stages of the disease and may be affected only in late stages. Therefore, more studies or different techniques are necessary to demonstrate changes in BP with analysis of either the time or frequency domains in recent-onset DM. There seems to be sympathetic hyperactivity to the resistant blood vessels in early DM, as shown by the increase in BP in the standing position, although more studies are required to elucidate this point.
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